Bidirectional astrocyte-neuron communication: the many roles of glutamate and ATP.
Glutamatergic and purinergic signalling play key roles in synaptic transmission and modulation in the CNS. Here, we review recent evidence showing that glial cells, and in particular astrocytes, are active players in ATP and glutamate signalling in the brain. ATP and glutamate coordinately activate astrocytes, through the mobilization of their internal Ca2+, which in turn triggers the release from astrocytes of several neuroactive molecules including ATP and glutamate themselves. These 'gliotransmitters' signal either to astrocytes, where they generate Ca2+ waves, or to neurons, where they modulate synaptic transmission and neuronal excitability. By using microfabricated lanes of adhesive substrate, we provide further evidence for a diffusible factor-mediated propagation of Ca2+ waves and, through flash photolysis experiments in hippocampal slices, we show that glutamate and ATP cooperate in the generation of the astrocytic Ca2+ signal. Once astrocytes are activated they provide both excitatory and inhibitory effects on neighbouring neurons. Through the Ca2+-dependent release of glutamate, which acts on extrasynaptic neuronal NMDA receptors, astrocytes excite neurons while, in contrast, ATP released from astrocytes, after the delayed conversion to adenosine, causes neuronal suppression.